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Clinical researchers make use of experimental models for mental disorders. In many cases, 
these models use stimuli that are relevant to the disorder under scrutiny, which allows one 
to experimentally investigate the factors that contribute to the development of the disorder. 
For example, one might use spiders or spider-like stimuli in the study of specific phobia. 
More broadly, researchers often make use of real-world stimuli such as images of animals, 
geometrical shapes or emotional words. However, these stimuli are often limited in their 
experimental controllability and their applicability to the disorder in question. We present a 
novel set of animal-like stimuli, called Fribbles, for use within behavioural research. Fribbles 
have desirable properties for use in research because they are similar to real-world stimuli, 
but due to their novelty, participants will not have had previous experience with them. 
They also have known properties that can be experimentally manipulated. We present an 
investigation into similarity between Fribbles in order to illustrate their utility in research that 
relies on comparisons between similar stimuli. Fribbles offer both experimental control and 
generalisability to the real world, although some consideration must be made concerning 
the properties that influence similarity between Fribbles when selecting them along a 
dimension of similarity. 
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INTRODUCTION 

Investigations into the mechanisms that operate in the 
development, maintenance, and treatment of psychopathology 
benefit fi-om the use of experimental models of clinically observed 
phenomena. It is important for experimental models to relate 
closely to the elements of psychopathology under investigation. 
An experimental model should allow for the manipulation of the 
same psychological processes that are evident in a mental disorder 
(Boddez etal, 2013), but relevant and valid experimental stimuli 
are essential for such experiments. 

The nature of stimuli is particularly relevant in experiments 
concerned with clinical phenomena where participants must 
respond to visual stimuli that are emotionally laden. Stimulus 
sets are generally situated somewhere along continuums of con- 
trollability as well as generalisability to the real world (external 
validity). Existing stimulus sets range from images of basic geo- 
metrical shapes (e.g., Vervliet et al., 2006) to pictures of real faces or 
houses (e.g., O'Toole etal, 2005) to animals presented on a com- 
puter screen (e.g., Vansteenwegen etal., 2005); from emotional 
words (e.g., as in the emotional Stroop; Williams etal, 1996) to 
sections of text depicting ambiguous, personally relevant scenar- 
ios in interpretation bias research (e.g., Mathews and Mackintosh, 
2000) to virtual reality scenes containing complex environments 
(e.g., Baas, 2013). The position of each of these sets on the contin- 
uums of control and generalisaibility is dependent on the purpose 
of the experiment and the particular phenomena that is being 
studied. 



Investigations into the generalization and treatment of fear, 
for example, may require that a stimulus set has as much con- 
trollability as possible. Controllability of a stimulus allows it to 
be systematically manipulated, which in turn facilitates the map- 
ping of generalization gradients. For example, one can determine 
similarity from a prototype to all other stimuli within a set. The 
degree of similarity might then be correlated with the level of 
fear responding after an aversive conditioning event to a pro- 
totype (Vervliet etal., 2005). Geometrical shapes could provide 
such a purpose as they are easy to manipulate and so experi- 
menters can quantif}^ the degree of difference between stimuli in 
different experimental conditions. For example, if a small circle 
is paired with an electrocutaneous stimulus such that a partici- 
pant responds fearfully to this circle in the absence of the shock, 
one can observe the generalization of fear to other circles of 
other similar sizes (Lissek etal., 2008). In this case, greater fear 
is associated with greater similarity to the original conditioned 
stimulus. 

Shapes, however, may be inadequate for research concerned 
with translating its findings to pathological fear generalization, 
such as in specific phobias and other anxiety disorders. In spe- 
cific phobias, fear might spread from an originally feared animal, 
such as a spider, to all other things with a similar appearance (e.g., 
other animals). Furthermore, in order for treatment of a spider 
phobia to succeed, new learning acquired through treatment must 
generalize to other experiences with spiders (Rowe and Craske, 
1998). Research of this kind requires a stimulus set that has high 
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generalisability to the kinds of things that people encounter - and 
can become afraid of - in their natural environment. Real-world 
stimuH such as images of animals or faces have been used to this 
effect (Rowe and Craske, 1998; Vansteenwegen et al., 2005). These 
stimuli are complex, which allows researchers to define similar- 
ity along several dimensions rather than along one dimension 
(e.g., size). They may however lack the controllability necessary 
to quantify similarity between stimuli for the purposes of reliably 
investigating generalization. 

Even where control can be obtained - as in the use of facial 
morphs (Lenaert etal., 2012) - the use of real-world stimuli may 
be confounded by individual differences in the affective value of 
a particular image, as well as previous experience with particu- 
lar kinds of stimuli. Such stimuli may only be of use in research 
evaluating behavioural responses in clinical or subclinical sam- 
ples for whom one already expects a certain response, as with 
the presentation of spider images in a phobic population (e.g., 
Rowe and Craske, 1998). In a normal population such stimuli 
will have differential effects depending on individual learning 
histories. 

A stimulus set is needed with high controllability, high external 
validity, and minimal contamination from individual differences. 
Such a stimulus set must not be present in the real-world but 
must mimic the complexities of real stimuli whilst also having 
features that can be fully manipulated. A potentially fruitful set of 
stimuli that meets these demands are Fribbles. These are artificial, 
three-dimensional, combinations of shape, color, and texture that 
mimic the structures of real- world animals (Williams, 1998; see 
Figure 1). There are 12 species, each of which is constituted by a 
central body structure with four attached appendages. There are 
three unique body shapes - therefore the same body is repeated for 
two of the species, although the configuration of their appendages 
differs between these species. Within each species, there are a range 
of exemplars that differ from one another in terms of the number 
of appendage elements that they share with a prototype and in the 
characteristics of each appendage. Nevertheless, the central body 
and the location of appendages remain constant within a species. 

Fribbles have four body parts that can vary and are thus the 
basis for manipulating similarity and difference including a head, 
legs, and two parts of the tail. Each appendage has three possible 
forms, the main difference between the variants being their shape, 

FIGURE 1 I Two Fribble species (FA1 and FC1). From left to right, species 
prototypes to exemplars differing by one element; first differing in legs then 
taill , tail2, and finally the head. 



whereas the color and texture are intended to remain approxi- 
mately similar. For example, the head of a Fribble could be a circle, 
a square, or a star. The specific colors and textures of the head only 
vary slightly. In the current database of Fribbles, the numerous 
possible combinations of appendages create eighty-one exemplars 
within each species. The positioning of appendages around the 
central body is such that Fribbles appear to be anatomically similar 
to real-world animals without actually appearing to represent any 
actual animal. The differences between species mirror differences 
found in the natural world. Thus, anatomical similarities are evi- 
dent across Fribbles in the same way that rhinos differ from ducks 
whereas within-species changes in appendages such as the head 
mirror the same kinds of differences as might be evident between 
a python and a cobra for example (Williams, 1998). Figure 1 illus- 
trates these between and within species differences in two Fribble 
species. 

The Fribbles offer a potentially valuable source of stimuli given 
their systematic within-species differences and anatomical struc- 
tures like those of animals. This means they are both highly 
controllable and also relatable to things in the natural world with- 
out the confound of previous experience. Existing research using 
Fribbles is confined to the area of visual perception and catego- 
rization - both in terms of the fundamental cognitive processes 
involved (Williams, 1998; Casasanto, 2009; Dye and Ramscar, 
2009) and the neuroscientific substrates underlying those pro- 
cesses (Barense etal, 2007; Behrmann and Wilhams, 2007; Hein 
et al., 2007). Fribbles were first used to show that people use stim- 
ulus features to assign category membership within and between 
related stimuli (Williams, 1998). Williams differed Fribbles within 
a species in terms of the number of shared features with a proto- 
type. However, there was no investigation of whether, given the 
range of features on offer, all of the possible feature variants dif- 
fered from the prototype features to the same degree. For example, 
if a prototype has a square head, a second Fribble that is the same 
in every way except it has a circular head will be judged as dissim- 
ilar to the prototype. However, it is unclear whether this second 
Fribble wiU be judged as equally dissimilar to the prototype as a 
third Fribble with a star-shaped head. We might also ask whether 
a fourth Fribble that has the same head as the prototype but has 
different legs will be judged as more or less dissimilar to the pro- 
totype as the second Fribble with the changed head. The question 
then becomes whether the number of shared features is sufficient 
to explain differences in similarity between Fribbles or whether 
research that uses Fribbles to form similarity comparisons needs 
to also consider the influence of different features and their forms 
on similarity. Knutson et al. (2012) considered these issues in their 
investigation into the contribution of the medial temporal lobe 
in detection of novel objects among similar objects. They used 
a modified Fribble set that differed from one another, within a 
species, in terms of the color of the bodies and the appendages 
in order to make these parts seem more or less salient. How- 
ever, as Knutson etal. (2012) did not use the original Fribble 
set and they did not draw any conclusions regarding the rela- 
tive contribution of the body parts of Fribbles to overall similarity 
between Fribbles, some investigation into these factors on similar- 
ity is still required in order to accurately select Fribbles for other 
research. 
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There has been no investigation into the degree of similar- 
ity between each of the possible variants of Fribble within each 
species. Until such an investigation takes place, the selection of 
individual stimuli from the wider Fribble set to form, or to avoid, 
any sort of similarity gradient is speculative and unsupported by 
data. In other behavioural research, the effect of such specula- 
tion is that individual features of a given stimulus set may have an 
unexpected confounding effect. For example, Lenaert et al. (2012) 
used facial morphs where a similarity gradient was derived from 
the gradual merging of two perceptually dissimilar faces (e.g., if 
Face A is 100% then the most similar face is 90% Face A and 10% 
of the perceptually dissimilar Face B). Face A was first paired with 
a lightning bolt image and in the subsequent phase they measured 
the extent to which participants expected the lightning bolt for 
each of the faces along the morphological gradient between Face 
A and B. They expected a linear decrease in expectancy as par- 
ticipants were shown faces further away from Face A and closer 
towards Face B. However, they reported a sigmoid "S-shaped" 
function where there was a sharp decline in expectancy in the 
middle of the gradient. This finding may be attributable to the 
saliency of the head hair in the images and the contribution of 
this to similarity judgements where the two faces at the middle 
of the gradient had noticeably different hair. This was despite 
their being positioned equally from the other faces on the mor- 
phological gradient. Lenaert etal. (2012) may have been able to 
control for or investigate the contribution of such features to the 
generalization of expectancy if an a priori investigation into sim- 
ilarity had taken place. Similarly, in their original presentation 
Williams (1998) suggests that they expect Fribbles to be linearly 
dissimilar from one another based on the number of shared fea- 
tures with a prototype, but they do not provide data on whether 
individual Fribble features can have different effects on similarity. 
Thus the present research attempts to provide data supporting the 
use of Fribbles in behavioural research with a focus on analysing 
the similarity between Fribbles to better inform their selection in 
future experiments. 

We have two overarching hypotheses. First, we anticipate that 
Fribbles with increasing dissimilarity from the prototype, be it 
in terms of the number of common elements or the form that 
these elements take, wiU be judged as increasingly dissimilar by 
participants. Second, that the characteristics addressed within the 
first hypothesis have the same impact on similarity judgements 
between species. 

Within the first hypothesis, we conducted separate analyses 
concerning each of the possible stimulus characteristics that might 
contribute towards similarity. First, we explored the influence of 
the number of common elements shared between an exemplar 
and the prototype on similarity judgements. Second, we explored 
whether body parts contribute equally to similarity, or whether 
some body parts have a greater impact on similarity than others; 
for example, whether changing the head of a Fribble has a greater 
impact on similarity to the prototype than if one was to change 
the legs. Third, we assessed the contribution of the different types 
within each body part to similarity judgements and whether this 
contribution is the same across all body parts and species. For 
example, are Fribbles with circular or star-shaped heads judged as 
being equally as similar to a prototype with a square head, and is 



this true for other body parts and their variants and does the same 
hold true for different species of Fribble. 

METHOD 
PARTICIPANTS 

Participants were contacted through an e-mail database made up 
of participants from previous, unrelated, experiments and were 
asked if they would complete the survey. All participants reported 
having never seen or heard of the Fribbles. There was no reward 
for completing the survey. Seventy-six persons started the survey 
(51 females and 25 males), 41 of which completed all of the survey 
ratings (30 females and 11 males); that is, 41 participants had no 
missing data. The available data from all 76 persons were used in 
the analysis. Participants were mostly students at the University of 
Leuven and thus 82% of them were aged between 18 and 29 years. 

MATERIAL 

Participants completed the survey using a web-based tool - 
SurveyMonkey®. 

Four of the 12 Fribble species were used in the present inves- 
tigation. Two of these species (referred to as FA2 and FC2) - of 
which eight exemplars were used - appeared within the train- 
ing phase in order to give participants some experience as to the 
degrees of difference that would feature in the main investigation. 
These example comparisons included Fribbles for each number of 
possible common elements from the prototype (one to four). All 
exemplars from the other two species (FAl and FCl) featured in 
the actual similarity survey. The Fribbles are designed and named 
such that in species FAl, a Fribble named 1211, for example, 
represents the same head, tail2 and legs as the prototype named 
1111, but the two in the name represents a different type of taUl. 
Whereas, a Fribble in this species named 1121 denotes a change at 
tail2. The same is true for the head and legs of species FCl but with 
1211 referring to a change of tail2 and 1121 referring to a change 
of taill. This difference in naming between species was due to the 
relative positioning of the tail parts on the Fribbles themselves so 
that taill always referred to the part attached directly to the body 
and tail2 the part with an intermediate connection between it and 
the body (see Figure 1). The Fribbles were in.jpeg image format 
and were of dimensions 319 x 240 mm. 

PROCEDURE 

The survey was created in Dutch and English. Both versions were 
included in the same survey such that the English translation was 
presented in parenthesis after the Dutch version of each text. This 
method was used to accommodate participants at the University 
of Leuven, all of whom speak English and/or Dutch. Participants 
were informed that the survey would take approximately 15 min to 
complete and that their data would be held anonymously. A brief 
summary of the task was then presented, followed by demographic 
questions. 

A single prototype Fribble was used within each species. Dur- 
ing the survey, each trial compared the prototype Fribble for each 
species with an exemplar from the same species. Participants were 
asked to rate the similarity between the exemplar and the prototype 
on a scale from 1 (very dissimilar) to 20 (very similar). Each exem- 
plar was presented one time along with the prototype Fribble from 



www.f rontiersin .org 



February 2014 | Volume 5 | Article 103 | 3 



Barry etal. 



Novel stimuli for behavioural research 



the same species. Stimuli remained on the screen until participants 
responded. The order of all presentations was randomized but the 
positioning of the prototype and exemplars remained constant 
throughout, with the prototype being presented on the left side of 
the screen and the exemplars on the right. The survey consisted 
of a training phase of 16 trials: eight trials with one species (FA2) 
and eight trials with another (FC2). When the training phase was 
complete, participants were instructed to click "next" in order to 
continue to the main survey, which consisted of 80 trials with one 
species (FAl) and 80 trials with another species (FCl). At the end 
of the experiment, participants were asked what strategy they used 
to make their similarity judgements. 

RESULTS 

We used a type I error rate of a = 0.05 for all statistical tests. 
Huynh-Feldt corrected p values were used to account for violations 
of sphericity. 

ELEMENTS IN COMMON 

In order to investigate the influence of the number of common 
elements shared between an exemplar and the prototype on sim- 
ilarity judgements, we performed a repeated-measures ANOVA 
with two within-subjects variables: elements in Common, (four 
levels; one, two, three, or four elements in common with the 
exemplar) and Species (two levels; FAl and FCl) (see Figure 2 
for results). This showed a main effect of the number of com- 
mon elements on similarity ratings and the eta squared (t)^) 
value suggested that a large proportion of the variance in simi- 
larity ratings was explained by the number of common elements, 
^■(3,123) = 150.12, p < 0.001, partial r]^ = 0.79. Planned orthog- 
onal polynomial contrasts showed a significant linear effect for 
these differences in similarity judgements, -F(l,41) = 177.07, 
p < 0.001, and there was also a significant quadratic effect, 
_F(1,41) = 37.01, p < 0.001. Fribbles with more elements in com- 
mon with the prototype were judged to be more similar than 
those with fewer elements in common although this similarity 
gradient showed slight curvature suggesting that there was less 



difference between similarity ratings for three and four elements 
in common than for other comparisons. Further, those with four 
elements in common were judged much more similar than those 
with other numbers of common elements. There was also a main 
effect of species, -F(l,41) = 5.38, p < 0.05, partial x]^ = 0.12, 
wherein, overall, the FAl exemplars were more often judged to 
be more similar to the prototype than the FCl exemplars to their 
prototype, although the size of this effect was small. However, 
there was not a significant common elements x species inter- 
action, _F(3,123) = 0.28, p > 0.05, partial < 0.01, which 
shows that the effect of common elements on similarity judge- 
ments did not differ significantly between species. When asked 
post hoc what strategy they used to make their judgements, par- 
ticipants most often reported using the number of common 
elements and the shape and form of the elements to make their 
judgements. 

BODY PART 

Our second set of analyses explored whether body parts contribute 
equally to similarity, or whether some body parts have a greater 
impact on similarity than others. We computed indices of 
similarity, for each Fribble species separately, for each of the body 
parts using the following formula: 

Similarity Index = a — [(b + c)/2] 

In this formula, we use a to refer to the mean similarity score 
for Fribbles with the same body part type as the exemplar, b is 
the mean similarity score for Fribbles with the second type, and 
c is the mean score for the third variant. For example, where the 
prototype has a square head, a refers to Fribbles that also have the 
square head, b refers to Fribbles with a circular head and c refers 
to star-headed Fribbles. This was done for each of the body parts. 
Therefore, larger scores suggest that Fribbles with a matching body 
part type are rated more similar than Fribbles with a non-matching 
type. 

A repeated measures ANOVA with two within-subjects vari- 
ables. Body Part (four levels: head, taill, tail2, legs) and Species 
(two levels: FAl and FCl), showed a large main effect of Body Part 
on similarity, f(3,123) = 62.47, p < 0.001, partial ^^ = 0.60. 
Interestingly, there was an interaction between Body Part and 
Species, f (3,123) = 25.93, p < 0.05, partial ^^ = 0.39, suggest- 
ing that the effect of body parts on similarity differed between 
species. 

Fisher's LSD tests showed that within the species, all body parts 
differed significantly from one another, with the head showing 
the greatest difference from all other body parts. This would sug- 
gest that having the head the same as the exemplar but all other 
parts different makes a Fribble more similar to the exemplar rel- 
ative to if one of the other body parts remains the same as the 
exemplar. Results were very similar for the FC species with the 
exception that there was no significant difference between the legs 
and tail2 as to their contribution to similarity (see Figure 3). This 
suggests two things: first, body parts have a differential effect on 
similarity between species, and second that changes to body parts 
have equal effects on similarity with the exception that the head 
can have a larger impact on similarity ratings than the other body 
parts. 




12 3 4 
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FIGURE 2 I Mean similarity ratings for exemplar Fribbles for each 
possible configuration of elements in common with the prototype 
Fribble for both species FAl and FCl. Similarity was scored on a scale 
ranging from 1 to 20 where " 1 " represented a highly dissimilar stimulus 
and "20" a highly similar stimulus. Higher means scores indicate greater 
similarity with the prototype. Error bars are one standard deviation. 
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Head Taill TailZ Ugs 

Body Parts 

FIGURE 3 I Mean similarity index scores for each body part in both 
species, illustrating the effect of differing the type of each body part 
from the prototype. Larger scores therefore indicate a larger effect of 
differing the type of a given body part from that of the prototype. Error bars 
are one standard deviation. 



BODY PART TYPE 

Body part type between body parts 

Next, we tested whether variations in body part type had 
differential impacts on similarity for different body parts. For 
example, whether an exemplar Fribble with a circular head 
when the prototype has a square head is more or less sim- 
ilar to its prototype than an exemplar Fribble with cylin- 
drical legs when the prototype had rectangular legs. For 
this analysis we computed an index of difference formula as 
follows: 

Difference index = \(b — c)\ 

Thus, the absolute value of the subtraction of c from b. Again, 
b refers to the mean similarity score for Fribbles with the second 
type body part and c the third type. 

A repeated measures ANOVA with two within-subjects vari- 
ables Body Part Type Difference (four levels: head, taill, tail2, legs) 
and Species (two levels: FAl and FCl) showed a significant main 
effect of different body part types on similarity, albeit with a small 
effect size, f (3,123) = 3.79, p < 0.05, partial X]^ = 0.09, suggesting 
that the effect of differences in body part types on similarity ratings 
differed across the four body parts. However, there was a significant 
main effect of species, again with a small effect size, p( 1 ,41 ) = 8.83, 
p < 0.01, partial = 0.18, but the two-way interaction was not 
significant, f (3,123) = 2.49,p= 0.07, partial t]^ = 0.06. As with the 
previous analyses, this confirms that there are likely to be between- 
species differences in the impact of changes to body parts and their 
types. 

Fisher's LSD tests suggested that this main effect of Body 
Part Type is due mostly to significant differences in similarity 
between having the head different to the exemplar compared 
with having tail2 different, such that having a head of a differ- 
ent type makes a Fribble more dissimilar to the exemplar than 
having tail2 different from the exemplar (see Figure 4). This sug- 
gests that there are some inequalities among Fribble species as to 
the ways in which changes in the elements influence similarity 
ratings. 
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FIGURE 4 I Mean difference index scores for each body part for 
Fribbles in both species where the body part types differed from the 
prototype. This was scored as the mean similarity score for Fribbles with 
the third part type subtracted from that of Fribbles with the second body 
part type. Error bars are one standard deviation. 



Body part type within body parts 

Our final analysis explored, for each body part separately, whether 
each of the two alternative body part types were judged to 
be equally dissimilar from the prototype or whether one was 
judged to be more similar to the prototype than the other. A 
repeated measures ANOVA was performed on the mean sim- 
ilarity ratings for each body part type within each body part 
with two within-subjects variables - Body Part Type (three lev- 
els: typel, type2, and type3) and Species (two levels: FAl and 
FCl). There were significant large to medium effects of Body 
Part Type on similarity for head, ^(2,82) = 206.43, p < 0.001, 
partial t]^ = 0.83; taUl, f(2,82) = 99.56, p < 0.001, partial 
Ti^ = 0.71; tail2, f (2,82) = 85.97, p < 0.001, partial = 0.68; 
and legs, ^(2,82) = 55.90, p < 0.001, partial r]^ = 0.58. 
Interestingly, there were significant Body Part Type x Species 
interactions for head, F(2,82) = 19.26, p < 0.001, partial 
= 0.32; taill, P(2,82) = 45.62, p < 0.001, partial = 0.53; 
tail2, f(2,82) = 6.13, p < 0.01, partial r]^ = 0.13; and legs, 
F(2,82) = 15.43, p < 0.001, partial X]^ = 0.27. This suggests 
that similarity differs as a product of the type of the body parts. 
Our comparisons also confirmed the expectation that having a 
body part type that is the same as the exemplar leads to judge- 
ments of greater similarity than if either of the other types are 
used; this is true for all body parts and both species that were 
analysed. 

Planned comparisons for the FAl species show that the main 
effect of head is due to significant differences in similarity between 
having the head the same and having either of the other types. This 
was also the case within the FC species (see Figure 5). Thus, an 
exemplar vnth the same head type is always rated as more simi- 
lar to the prototype than exemplars with other head types. In the 
FAl species, the same pattern of results is evident for the other 
body parts with the addition that for tail2 and the legs, there 
are also significant differences in similarity ratings between the 
body part types that are alternative to the exemplar within both 
taiL2 and legs. In the FC species, there were also differences in 
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FIGURE 5 I Mean similarity ratings for exemplar Fribbles with each 
body part and per body part type and Fribble species. Error bars are 
one standard deviation. 



similarity ratings between the alternative types for head, tailland 
legs. For example, where the prototype has rectangular legs, exem- 
plars with cylindrical legs may be judged to be significantly more 
similar to the prototype than exemplars with triangular legs. This 
suggests that alternative body part types may not be equal in 
the degree to which they differ from the prototype. However, 
this is only true for some body parts and this differs between 
species. 

DISCUSSION 

The present investigation compared novel stimuli - Fribbles - 
in terms of their similarity to one another and the factors that 
contributed towards that similarity. This was done in order to illus- 
trate the utility of the Fribbles for use within behavioural research, 
particularly generalization research, whilst also highlighting some 
important stimulus properties for consideration when selecting 
them. 

First, as predicted, we replicated the previous findings from 
Williams (1998) that Fribbles that shared more elements with 
a given prototype within their species were judged to be more 
similar to that prototype than were Fribbles with fewer common 
elements. Second, overall having the same head as the prototype 
led to judgements of greater similarity than having any other body 
part as the same type as the prototype. Within this, we showed 
that the remaining body parts besides the head (e.g., taill, tail2, 
and legs) all contributed similarly to judgements of similarity, 
with no body part - except for the head - showing any greater 
influence over similarity than any other. Finally, we also showed 
that some types of body part (e.g., a square head versus a cir- 
cular head) differed in the extent to which they were judged to 
be similar to the prototype (e.g., a star-shaped head). Having 
the same body part type as the prototype for any body part was 
invariably judged to be more similar than having an alternative 
type. However, the two alternative variants may not be equal in 
the extent to which they differ from the prototype. For example, 
where the prototype head is a circle, the square head type may 
be viewed as more similar to this prototype than the star head 
type. 

The finding that the heads of the Fribbles contribute more 
to judgements of similarity than any of the other features 



has important implications for the selection of Fribbles for 
behavioural research involving a dimension of similarity. This 
contradicts Williams (1998) original suggestion that similarity 
between Fribbles is based solely on the number of common ele- 
ments. From a bottom-up perspective, the physical properties of 
the heads of the Fribbles (e.g., their color, size, or positioning) 
may be such that they are more salient to participants than the 
other body parts. It could also be due to a top-down percep- 
tual preference for the heads similar to the suggestion that there is 
preferential facial processing in humans and non-human primates 
relative to the processing of other body parts (Pruce etal., 1996). 
These suggestions merit further investigation not only in terms of 
the Fribbles but also in terms of other similar stimulus sets where 
the head of the stimulus may contribute more to similarity judge- 
ments. In terms of selecting Fribbles to form a linear gradient of 
similarity, it may be necessary to make the other body parts more 
salient. 

The results also suggested that some of the effects are not nec- 
essarily consistent across different species of Fribble. This means 
that different Fribble species may vary in the extent to which exem- 
plars are judged to be similar to a given prototype. For example, a 
Fribble with two elements in common with its prototype might be 
judged to be more similar to the prototype than a Fribble from 
another species would be to its own prototype despite it also 
differing in the same two elements. It also means that, between 
species, different body parts and types may contribute differently 
towards similarity. These factors should be of consideration to 
researchers when selecting Fribbles for use within behavioural 
research. These findings add further detail to the findings of 
Williams (1998) and the original presentation of the Fribbles. It 
is clear that when selecting Fribbles for similarity-based research 
where comparisons are made between two separate species of Frib- 
ble as in the case of CS-|- and CS— comparisons in conditioning 
research, one must consider the relative contribution of the pos- 
sible variations in features to judgements of similarity. It is not 
sufficient to simply select Fribbles on the basis of the number 
of shared features. Future research could seek independent rat- 
ings to establish that their chosen Fribbles have features that do 
not differ significantly from one another in their contribution to 
similarity. 

The value of the Fribbles in research is clear. They can provide 
affectively neutral control stimuli in research exploring cogni- 
tive and behavioural responses to emotional stimuli or stimuli 
within emotional contexts. For example, experiments with people 
with spider phobia might use the Fribbles as a neutral base- 
line from which to assess individual differences in approach 
and avoidance or the neural or physiological substrates of such 
behavioural responses (e.g., Ernst et al., 2012). This might be par- 
ticularly useful where one is investigating the effects of approach 
or avoidance on attention towards stimulus features and one 
requires affectively neutral stimuli with numerous stimulus fea- 
tures (e.g., Forster etal., 2006). Real-world stimuli might not be 
suitable for such purposes given individual differences in valence. 
Also, shapes and words might lack the anatomical complex- 
ity and generalisability to clinical disorders necessary to provide 
an adequate comparison stimulus, particularly in neuroscientific 
paradigms. 
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Another potentially fruitful use for the Fribbles that is being 
pursued at present is in prospective investigations into the fac- 
tors that contribute towards the development of clinical disorder. 
For example, after a conditioning experience where a Fribble is 
paired with an aversive event, one might relate the way that par- 
ticipants generalize their fear for this one Fribble to other, similar. 
Fribbles to the ways in which individuals differ in the ways they 
generalize their fears for real-world stimuli. Differences in this gra- 
dient of generalization might be attributable to such mechanisms 
as the forgetting of some of the Fribbles features and individual 
differences in memory specificity. This might mean that after con- 
ditioning to a Fribble with a square head, fear might generalize to 
all Fribbles with the square head irrespective of its other unique 
features (Riccio etal., 1992; Lenaert etal., 2012). This would be 
analogous to the way that after an aversive event such as a dog bite 
might lead to the development of a phobia when one begins to 
fear all dogs (Rowe and Craske, 1998). 

Researchers could also use the Fribbles to explore the role of 
attention in anxiety disorders by measuring the orientation and 
duration of gaze towards Fribbles from within a species. One might 
expect individuals to be more likely to develop a phobia when they 
selectively attend to the "threatening" stimulus features in common 
with a Fribble paired with an aversive event relative to their gaze 
towards "safe" or unique features of other Fribbles within the same 
species (Bar-Haim et al., 2007; Armstrong and Olatunji, 2012). 

Aside from the use of Fribbles, the methodological and sta- 
tistical techniques employed herein could also be used to inform 
the selection of stimuli from other stimulus sets. For example, 
other research that tests generalization gradients amongst spiders 
of different kinds might use this procedure to quantify the degree 
of similarity between each spider. They could also use that data 
to compute similarity and difference indices and test the effects 
of changes in different stimulus features on similarity judgements 
between spiders and correlate this with the generalization of fear. 

LIMITATIONS 

The online procedure in this study no doubt limits the conclusions 
that can be drawn. Given that participants completed the experi- 
ment on their own computer, we did not control for the computer 
or the screen that was used in the experiment. Differences in hard- 
ware between participants may have influenced the visual quality 
of the Fribbles that in turn may have influenced judgements of 
similarity. Nevertheless this study is valuable in simply present- 
ing a potentially fruitful stimulus set and also in outlining the 
potential issues that must be considered when selecting them for 
research. 

One limitation of this investigation was that there was no assess- 
ment of color-blindness or whether participants had normal or 
corrected-to-normal vision. Given the nature of the stimuli, accu- 
rate perception of features is essential in the ability to differentiate 
Fribbles from one another. Future research using the Fribbles 
should take this into consideration. 

One other limitation of the current investigation could be that 
each Fribble was only compared to the prototype and not to other 
Fribbles within their species or any other species. This means that 
firm conclusions about the degree of difference between species 
cannot be made. However, this did not seem necessary given the 



apparent differences between species and the suggestion by the 
original creator, Williams (1998), that they were designed to dif- 
fer between species in the same way that rhinos might be said 
to differ from ducks. Additionally, given the size of the Fribble 
stimulus set, it was beyond the scope of the present investigation 
to make all possible comparisons between all species and so only 
two Fribble species were compared. However, the recommenda- 
tions made here in with regards to stimulus selection will no doubt 
transfer to all other Fribble species. Further research could con- 
firm this by exploring similarity in the other Fribble species and 
potential differences in similarity between species. The use of a 
previously untested rating scale for the judgements of similarity 
might also be a limitation of the present study. A 20-point scale 
was used to attempt to capture the full variability in judgements 
of similarity between stimuli that are somewhat similar. Further 
research could confirm the reliability of this scale in assessments of 
similarity. 

The number of trials in the experiment may also have been 
a limitation. Some participants reported modifying their strat- 
egy as the experiment progressed, relying more on a "feeling" 
than any conscious strategy as they began to experience fatigue. 
In these cases, participants may not notice some of the more 
subtle differences between body parts where they no longer pay 
attention to the individual features and instead look more gener- 
ally at the Fribbles and form their judgements according to the 
composite. 

CONCLUSIONS 

The Fribbles can be of great value to research, not only in terms 
of the experimental control they confer but also in terms of their 
applicability within the investigation of real-world clinical phe- 
nomena. This article has presented some of the possible ways in 
which Fribbles might be used in research - although this list is 
by no means exhaustive - and some of the factors that should be 
considered when selecting Fribbles. 
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